Ten nonfluorescent Pseudomonas strains isolated from water-soaked lesions on cotyledons of plants of five Citrullus lanatus (watermelon) plant introductions were characterized and compared phenotypically with 22 other pseudomonads. The strains were distinguished phenotypically from other known plant pathogenic pseudomonads. The watermelon bacterium was aerobic. Cells were rod-shaped, gram negative, and motile by means of a single polar flagellum. They were nonfluorescent and grew at 41°C but not at 4°C. Oxidase production and the 2-ketogluconate reaction were positive. The 10 strains utilized p-alanine, rA-leucine, D-serine, n-propanal, ethanol, ethanolamine, citrate, and fructose for growth. No growth occurred with sucrose or glucose. Their deoxyribonucleic acid base composition was 66 1 mol% guanine plus cytosine. The bacterium is phenotypically similar to P. pseudoalcaligenes but differs from it in being pathogenic to watermelon, Cucumis melo (cantaloupe), Cucumis sativus (cucumber), and Cucurbita pep0 (squash). The name P. pseudoalcaligenes subsp. citrulli is proposed for the new subspecies, of which strain C-42 (= ATCC 29625) is the type strain.
Ten nonfluorescent Pseudomonas strains isolated from water-soaked lesions on cotyledons of plants of five Citrullus lanatus (watermelon) plant introductions were characterized and compared phenotypically with 22 other pseudomonads. The strains were distinguished phenotypically from other known plant pathogenic pseudomonads. The watermelon bacterium was aerobic. Cells were rod-shaped, gram negative, and motile by means of a single polar flagellum. They were nonfluorescent and grew at 41°C but not at 4°C. Oxidase production and the 2-ketogluconate reaction were positive. The 10 strains utilized p-alanine, rA-leucine, D-serine, n-propanal, ethanol, ethanolamine, citrate, and fructose for growth. No growth occurred with sucrose or glucose. Their deoxyribonucleic acid base composition was 66 1 mol% guanine plus cytosine. The bacterium is phenotypically similar to P. pseudoalcaligenes but differs from it in being pathogenic to watermelon, Cucumis melo (cantaloupe), Cucumis sativus (cucumber), and Cucurbita pep0 (squash). The name P. pseudoalcaligenes subsp. citrulli is proposed for the new subspecies, of which strain C-42 (= ATCC 29625) is the type strain.
For several years a bacterial disease of watermelons, characteAed by water-soaked lesions of cotyledons, has been observed on certain plant introductions at the Regional Plant Introduction Station, Experiment, Ga. A disease with similar symptoms on watermelon seedlings was reported to be caused by Pseudomonas lachrymans (9), but we could not isolate a pathogenic fluorescent pseudomonad. Our preliminary investigations showed that the causal bacterium was similar to the unidentified nonfluorescent pseudomonad isolated by Webb and Goth (22) from plants of watermelon plant introductions 174103 and 174104. The purpose of this investigation was to identify the causal bacterium isolated from diseased watermelon seedlings and to compare it with several other fluorescent and nonfluorescent pseudomonads, including the strain of P. lachrymans isolated from watermelon (9) . Isolation and cultural properties. Seeds from different watermelon plant introductions were sown in trays (30 by 50 cm) of soil in a greenhouse with a day/night .ternpertwe of approximately 30/21 "C. Cotyledons and the first true leaves showing greasy, dark green lesions were collected, and the surfaces were disinfested in a freshly prepared 0.5% solution of sodium hypochlorite for 3 min. After rinsing for 2 min in sterile distilled water, the tissue from the lesions was removed and cut into smaller pieces in 0.1 ml of sterile distilled water, using a sterile scalpel. The suspension was streaked onto King medium B (KB; 11) and incubated for 5 days at 27°C (colonies of nonpathogenic pseudomonads were usually present after 2 days). Colonies of the watermelon bacterium were removed from the agar with a transfer loop and purified by streaking onto plates of KB. Stock cultures were maintained on KB slants. The media used for determining cultural characteristics were KB, yeast extract-dextrose-CaC03 (22), and Difco nutrient agar.
MATERIALS AND METHODS

Bacterial
All media were sterilized for 20 min at 121°C and at a presure of 1.1 kg/cm2.
Morphological properties. Cell morphology was recorded from light microscope observations of gramstained smear preparations and from electron microscope observations. Flagella were observed by light microscopy by the method of Blenden and Goldberg (1) and, using shadowed preparations, by electron microscopy.
Physiological and biochemical properties. other tests were performed as described previously (9) . Tween 80 and 1-propanol were obtained from J. T. Baker Co.; ethanolamine was from Calbiochem; and N,N-dimethyl-p-phenylenediamine was from Eastman Kodak Co. 2-Ketoglutamate, m-P-hydroxybutyric acid, m-lactic acid, y-aminobutyrate, and p-D-(-)-fhctose were purchased from Sigma Chemical co.
G+C content of DNA. The guanine-plus-cytosine (G+C) contents of purified deoxyribonucleic acids (DNAs) extracted from selected strains in this study were determined by thermal denaturation techniques (5, 14) .
Serological study. Strain (2-42 antiserum was produced in New Zealand White rabbits. Cells of strain C-42 from 48-h-old KB slant cultures were suspended in 0.85% NaCl (saline) and adjusted to 100 (f10) Klett units (Klett-Summerson colorimeter). Formalin was added to a final concentration of 296, and 1 ml of the suspension was emulsified with 1 ml of Difco incomplete adjuvant, using a high-speed stirrer. Rabbits were given four intramuscular injections a t 10-day intervals. The animals were bled 7 days after the last injection, and the sera were stored a t -20°C. The immunoglobulin was prepared from the sera by column chromatography on diethylaminoethyl-Sephadex A-50 columns (6). Tube agglutination tests, using somatic antigens, were performed by the method of Carpenter (4). Smears for fluorescent-antibody staining were made from a suspension of cells in saline. The smears were made on multiwell slides (Cell-Line AKwciates, Inc., Minotola, N.J.) with a 0.001-ml loop. When dry. the smears were fued with Kukpatrick fixative (60% ethanol, 30% chloroform, 10% Formalin), stained with the globulin, and counter-stained with a fluorescent anti-rabbit globulin (GIBCO Diagnostics, Grand Island, New York), as described by Goldman (8) . After rinsing in phosphate-buffered saline (pH 8.0) and distilled water, the smears were air-dried and mounted to 0.5 M carbonate-buffered (pH 9.0) glycerin (21) . They were observed with a Zeiss fluorescent microscope (X40 objective) equipped with BG 12 excitation and 50-barrier filters. The intensity of the fluorescence was classified in the range -to +4, with -representing no visible fluorescence and +4 indicating intense fluorescence.
Pathogenicity. For pathogenicity tests, cultures grown in medium 523.(10) were adjusted to 50 Klett units (green filter) and diluted with sterile distilled water to provide suspensions containing the desired number of viable cells per milliliter. The number of viable cells per milliliter was determined by plating 0.1 ml of a dilution onto five plates of KB. For spray and brush inoculations, a cell suspension was atomized by employing 0.7-kg/cm2 pressure or was brushed with a sterilized camel hair brush, respectively. For stem inoculations, approximately 0.1 m'l of inoculum was injected into the stem with a syringe fitted with a 25-gauge needle. All plants were in the first to second true-leaf stage of growth. The plants were allowed to stand overnight in a dew chamber at 27"C, after which they were placed in a Percival (Percival Manufacturing Co., Boone, Iowa) PGW environmental chamber adjusted to 27 * l0C, 70 * 2% relative humidity, and 100 hlx light intensity. Symptoms were recorded after incubation for 5 and 7 days.
The following plant cultivars were used in the pathogenicity experiments: Citrullus lanatus (watermelon) "Charleston Gray" and "Florida Giant," Cucumis melo (cantaloupe) "Edisto," Cucumis satiuus (cucumber) "Marketer," Cucurbita pep0 (squash) "Early Yellow Summer Crookneck," Vigna unguiculata (cowpeas) "Early Ramshorn," Lycopersicum esculentum (tomato) "Rutgers," Zea mays (corn) "Pioneer 3030," Dianthus caryophyllus (carnation) "Improved White Sim," and Setaria italica (foxtail millet, plant introduction 196293). Plants inoculated with sterile distilled water served as controls. Carnation plants, obtained from Yoder Brothers Nursery, Barberton, Ohio, were inoculated at an internode by using a needle containing cells of a 48-h-old slant culture (7). To determine the pathogenicity of other pseudomonads, watermelon seedlings were inoculated with suspensions of bacteria containing approximately lo6 and l@ viable cells per ml. Thirteen plants were inoculated with each suspension, i.e., five for leaf inoculation and eight for stem inoculation.
RESULTS
Morphology. Cells of the bacterium isolated
from watermelon were gram-negative rods with average dimensions of 0.5 by 1.7 pm, as determined by light and electron microscopy. The cells had a single polar flagellum about 5.0 pm long (Fig. 1) .
Cultural characteristics. Growth on KB was slow and colonies were rarely visible before 2 days. Colonies were nonfluorescent, round, transparent, smooth, slightly convex, and 2 to 3 mm in diameter after incubation for 5 days at 30°C. Colonies on yeast extract-dextrose-CaCOa were round, smooth, convex, tan, and 3 to 4 mm in diameter after incubation for 5 days at 30°C. On nutrient agar containing glucose, growth occurred only where masses of cells were deposited by streaking. Physiological and biochemical properties. The characteristics of the 10 watermelon strains are summarized in Tables 2 and 3 . From the results obtained in this study, the watermelon bacterium was easily differentiated from Pseudomonas syringae, P. lachrymans, and several nonfluorescent, plant-pathogenic pseudomonads (Table 2) . However, it appeared to be similar to P. alcaligenes and P. pseudoalcaligenes (Table 3) .
DNA base composition. The overall DNA base compositions of the strains examined were in the range of 65 to 67 mol% G+C. Thus, the DNA base composition of these strains is reported as 66 f 1 mol% G+C.
Tube agglutination and fluorescent-antibody staining. Agglutination titers of watermelon strains C-95, C-96, C-42, C-98, C-99, and C-130 were 20,20,40,40,80, and 80, respectively. Titers of P. auenae C-11, P. alcaligenes C-145, P. stizolobii C-134, P. setariae C-132, and P. pseudoalcaligenes C-146 were 10, 10,20,40, and 40, respectively. Titers of P. syringae C-7, P. aeruginosa C-91, P. fluorescens C-94, P. solanacearum C-34 and C-37, P. cepacia (2-92, P. putida C-93, P. marginata C-133, and P. caryophylli C-87 were less than 5. Fluorescent-antibody stains were +2 or greater with the watermelon strains. Except for a very slight f reaction with P. auenae C-11 and P. stizolobii C-134, the other pseudomonads examined showed no visible fluorescence (-) .
Pathogenicity. Stems of watermelon seedlings became water-soaked 3 days after being injected with a suspension containing 2 x lo6 viable cells of the watermelon bacterium per ml. The water soaking often extended upwards into the cotyledons, true leaves, and apical meristem. At 5 days, stem collapse was observed (Fig. 2 ). Seedlings inoculated with sterile water were symptomless. Three other pyudomonads, P. cichorii C-4, P. maculicola C-2, and P. aeruginosa C-91, at concentrations of 4.3 X 108, 1.6 X 108, and 4.2 X 108 cells per ml, respectively, produced water-soaked spots when brushed onto cotyledons and true leaves. However, when fewer than lo7 cells per ml was used, none of the other pseudomonads, including those cited above, caused symptoms. Pathogenicity results with the watermelon strains were variable at (Table 4) . Nevertheless, results obtained with stem inoculation were consistent.
AH melon strains were positive, even at lower concentrations ( Table 4) . None of the other pseudomonads caused stem infections regardless of cell concentration ( Table 4) Table 5 . Symptoms produced by the eight watermelon strains were indistinguishable on cantaloupe, cucumber, squash, and watermelon. Water-soaking and discoloration of the stems were evident 4 days after inoculation. After 10 days, the lesions were 4 to 5 cm long and often extended into the cotyledons and apical meristem. These symptoms were similar to those described by Webb and Goth (22) . The cortex of stems of tomato plants was discolored several centimeters above and below the inoculation site when inoculated with strains C-42 and C-58, but no external water-soaking or wilting typical of that caused by P. solanacearum was observed.
An independent test with strains C-42, C-58, and P. solanacearum C-39 and (2-37 was run by S. M. McCarter, Athens, Ga., who obtained similar results. The watermelon strains were found to cause only a slight internal discoloration of the cortex, whereas P. solanacearum caused a wilting and collapse of the plant.
Characteristics of the new strains. The phenotypic characteristics of the 10 new strains are listed in Table 6 . A total of 40 characters was common to all strains (either all positive or all negative), and there were two characteristics in which one or more of the strains differed.
DISCUSSION
The morphological and physiological characteristics of the bacterium associated with the disease of watermelon seedlings indicate that the bacterium can be classified as a member of the family Pseudomonadaceae. The bacterium is a gram-negative, aerobic, motile (by means of a single polar flagellum) rod possessing a DNA content of 66 mol% G+C. The 7th edition of Bergey's Manual (2) sli ht or delayed; ND, not determined; V, variable reaction depending upon the strain.
Determined on tobacco (13). This paper. was oxidase positive. Of the above-mentioned species, the watermelon bacterium appeared to be most closely related to P. caryophylli. However, the latter bacterium is polarly multitichous, produces a yellow-green, nonfluorescent, diffusible pigment, utilizes glucose and sucrose, and does not infect watermelon. Based on the biochemical characteristics evaluated in t h s study, the watermelon bacterium also appeared to be similar to P. avenae (19) . In our opinion, P. avenue reduces nitrate, utilizes glucose and mannose but not L-leucine, n-propanol, ethanol, or ethanolamine, and does not infect any of the cucurbits tested. Finally, the DNA of P. avenae is in the range 70 to 75 mol% G+C (18), whereas the DNA of the watermelon bacterium is 66 f 1 mol% G+C.
The description of the organism from watermelon failed to correlate with that of any previously described plant-pathogenic species. The ability of the watermelon bacterium to cause an infection of stems and leaves after injection of suspensions containing fewer than lo6 viable cells per ml into the stems of healthy watermeIon seedlings is strong evidence that it is pathogenic. On the other hand, the interaction between P. cichorii, P. aeruginosa, and P. macuLicola at cell concentrations greater than 108/ml and young leaves of watermelon fits the description of a nonpathogen (hypersensitive reaction) host combination (12) " Symptoms recorded after plants were inoculated, placed overnight in a dew chamber at '27°C. and incubated 6 da.vs in a Percival PCW environmental chamber at 2i"C, 704 relative humidity, and 100-hlx light intensity.
' Inoculum brushed onto two leaves of each of five plants, using a sterile camel hair brush.
,' A (1. I-ml volume of inoculum was injected into the stem of each of eight plants, using a syringe and 25-gauge needle. ' Symbols and abbreviation: +, susceptible; -, not susceptible; NT, not tested.
' Strains C-42 and C-58 caused dark streaks in the pith; no external symptoms were observed.
for the "alcaligenes group," which consists of P. alcaligenes and P. pseudoalcaligenes. These species were distinctive in their inability to utilize sugars (except for fructose) as carbon sources. Furthermore, they were described as being monotrichous, growing at 41°C but not at 4"C, and demonstrating a restricted nutritional spectrum. Stanier et al. (20) separated the two species on the somewhat greater nutritional versatility and DNA base composition of P. pseudoalcaligenes. RaLston-Barrett et al. (17) characterized 18 strains of bacteria assigned to the "Pseudomonas alcaligenes" group by phenotypic studies and DNA hybridization data and found that all strains examined were accommodated within the two species, with a close relationship to P. mendocina and P. stutzeri and a distant relationship to the fluorescent pseudomonads. The following phenotypic characters of P. alcaligenes and P. pseudoalcaligenes were given as useful in distinguishing them from other Pseudomonas species: motile by means of a single polar flagellum, soluble pigments not produced, positive oxidase reaction, organic growth factors not required, no hydrolysis of starch, no autotrophic growth with the oxidation of H P as energy source, growth at 41°C but not at 4"C, and utilization of y-aminobutyrate, caprate, and lactate but not sucrose, glucose, cellobiose, malonate, sebacate, glycolate, L-isoleucine, and Lasparate. The only consistent phenotypic difference between strains of P. pseudoalcaligenes and P. alcaligenes was utilization of fructose by P. pseudoalcaligenes.
The results of this study of P. alcaligenes ATCC 14908 and P. pseudoalcaligenes ATCC 17440 with respect to the utilization of glucose, sucrose, arabinose, mannose, fructose, n-propanol, ethanol, ethanolamine, lactate, aminobutyrate and growth at 4 and 41°C are in agreement with those of Ralston-Barrett et d. (17) . Because of its somewhat wider nutritional versatility (utilization of n-propanol, ethanol, ethanolamine, and fructose), the watermelon bacterium is concluded to be more similar to P. pseudoalcaligenes than to P. alcaligenes. However, the watermelon bacterium differed from P.pseudoalcaligenes in two important characteristics: cells of P. pseudoalcaligenes failed to stain with the fluorescent-antibody stain of the watermelon bacterium or to infect watermelon. Although the latter could have been due to a loss of pathogenicity during storage, it appears more judicious to class@ the organism as a new subspecies of P. pseudoalcaligenes. The name P. pseudoalcaligenes subsp. citrulli subsp. nov. Pseudomonas pseudoalcaligenes subsp. citrulli subsp. nov.
Gram-negative rods, 0.5 by 1.7 pm, which are motile by means of a single polar flagellum 5.0 pm in length.
Colonies on KB are round, transparent, curbitaceae.
